Motor learning is associated with plastic reorganization of neural networks in primary motor cortex (M1) that depends on changes in gene expression. Here, we investigate the temporal profile of these changes during motor memory formation in response to a skilled reaching task in rats. mRNA-levels were measured 1 h, 7 h and 24 h after the end of a training session using microarray technique. To assure learning specificity, trained animals were compared to a control group. In response to motor learning, genes are sequentially regulated with high time-point specificity and a shift from initial suppression to later activation. The majority of regulated genes can be linked to learning-related plasticity. In the gene-expression cascade following motor learning, three different steps can be defined: (1) an initial suppression of genes influencing gene transcription. (2) Expression of genes that support translation of mRNA in defined compartments. (3) Expression of genes that immediately mediates plastic changes. Gene expression peaks after 24 h -this is a much slower time-course when compared to hippocampus-dependent learning, where peaks of gene-expression can be observed 6-12 h after training ended.
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Introduction
The primary motor cortex (M1) is thought to be one brain area where motor memories are formed and encoded (Monfils, Plautz, & Kleim, 2005) . In response to motor training in rats, profound changes within the matrix of M1 have been described at multiple sites (Hosp, Pekanovic, Rioult-Pedotti, & Luft, 2011) : at the cellular level, an increment in dendritic length and arborisation occurs in apical (Greenough, Larson, & Withers, 1985) and basal dendrites (Kolb, Cioe, & Comeau, 2008) of layer II/III and V motor neurons (Greenough et al., 1985; Withers & Greenough, 1989) contralateral to the trained limb. Furthermore, an initial increase in spine formation is followed by an enhanced turnover that reduces the number of spines to baseline levels but selectively preserves functionally relevant synapses (Xu et al., 2009) . At the level of synaptic weights, motor skill learning induces a long-lasting increase of synaptic strength in M1 horizontal connections of layer II/III suggesting an association with long-term potentiation (LTP)-like plasticity (Rioult, 1998) . In line with this assumption, capacity to induce LTP was reduced whereas long-term depression (LTD) was increased, suggesting that the learning-induced gain in synaptic strength reduced the capacity of LTP-formation (Rioult-Pedotti, Friedman, & Donoghue, 2000) . Several weeks after skill acquisition, the ability to form LTP was restored while the horizontal connections of layer II/III remained strengthened (Rioult-Pedotti, Donoghue, & Dunaevsky, 2007) . At the level of cortical physiology, motor learning induces an enlargement of the motor-cortical representation (motor maps) of the body-parts that became trained. This phenomenon can be observed in rodents, primates, and humans (Kleim, Barbay, & Nudo, 1998; Nudo, Milliken, Jenkins, & Merzenich, 1996; Pascual-Leone et al., 1995) . This enlargement is learning specific as it does not occur in response to mere motor activation and its magnitude is proportional to learning success (Kleim et al., 2004; Molina-Luna, Hertler, Buitrago, & Luft, 2008) .
De novo synthesis of proteins is required for most of plastic changes that occur during motor learning (Alvarez, Giuditta, & Koenig, 2000; Bisby & Tetzlaff, 1992 ) and a learning-specific hippocampal protein expression has been demonstrated in response to spatial learning in rats (Monopoli et al., 2011) . In line with these
